Illumination correction in psoriasis lesions images by Maletti, Gabriela Mariel & Ersbøll, Bjarne Kjær
 	
		ﬀ	ﬂﬁﬃ 
ﬃ ﬃ"!#ﬃ 	
 $
%ﬃ
&')(+*-, .0/1'324')/ .565-, ')798:;<')*-7+.=*?>6($@)/ /
ACB?DFEGIH<JB?KLHNM0OQPRKSO1M0G<JEH<T U?VWE0KFXZYZEH<[\B?JEH<T U]E0^Y3M)XSB?^ ^ T K\_S`
abB?U<[\K\T U]E0^bcdK\T eLB-G<VIT HRfgM0O$ACB?K\JEG<hi`
ACjCkml0npopoqj_pV?rFs+fSK\_ptufu`SACB?K\JEG<h
v0w0xLx y3z){u|p})~?xLxp p
uLp mLLL
I~?xLx

p

~]xSŁpwu{
g??Fpp
KE0D\DSG<MLE0U6[H<ME0SH<MpJEH<T U]E0^ ^ fU?M0GIG<B?U-HT ^ ^ \JT KFEH<T MpKDSG<Mpt\^ B?JV
T KXSB-G<JEH<Mp^ Mp_pT U]E0^bT JE0_pB?VWT VDSG<B?VIB?KuH<B]X+r\a[\BT ^ ^ \JT KFEH<T MpK3O1\K\U-H<T MpKZT VWB-VmH<T k
JEH<B]XEO1H<B6GqU?MpJt\T K\T K\_gH<[\BqH<[\B?JEH<T UqJE0DT KFXST U]EH<T K\_3VIhST KkDSG<MSXSSU?B]Xtuf
E0KE0SH<MpJEH<B]XU?^ E0VIVIT FU]EH<T MLKVIU6[\B?JB-k+T H<[qH<[\BXSB-G<JEH<Mp^ Mp_LT U?Ep^FT JE0_pBX\EH6E)r
a[\Bd\VIB-GNT VMpK\^ fG<B]u\T G<B]XH<MVIDiB?U?T O fH<[\BWU?^ E0VIVO1M0G[\T U6[gT H<VH<[\B?JEH<T UWJE0D
T VJMpVmHqVI\T H6E0t\^ BH<MtiBg\VIB]XT KH<[\BT ^ ^ \JT KFEH<T MpK4U?M0GIG<B?U-H<T MpK9rQWB?VI\^ H<VEG<B
VI[\M]KO1MpGCG<B]E0^QB-\E0JD\^ B?V?r+PHCT VE0^ VIM3VI[\M]KH<[FEHCH<[\BqU?^ E0VIVIT FU]EH<T MpKMpSH<D\SH
T JDSG<MeLB?VEO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
  ¡\¢W£i¤+¥¦§¨b£+©<¥W¢
ª
.«9>6.'>6.5¬)­N®u¯)°
RGB ±
>6¬S*-,1'S>6,1>/ .p>6, ¬S7Z, ²')³S.p>0´)¬)­$>6, µ0.°S°)¶
±
, ·i.0/1>N(F¸¯L¹\º
±
, ·i.0/1>0´
5?')»S.07¼'u55-½+.&q.07S5-¬)­¾5-.¿¬\>
±
, 5?')/R´À.07+²')*-»´ 8i«+*-, 7+³
±
, / ¬)53>6.p>->6, ¬S79>Á, 5-½#5-½+*-.0., 7iÂ
Ã
, 5-.p8
±
'u5-, .07\5?>0Ä9Å+¬S*.p'SÆ-½
±
'u5-, .07S5p´+5-½+*-.0./ .p>6, ¬S79>CÁd.0*-.q­Ç¬S/ / ¬uÁW.p8¬S79Æ.'ZÁd.0.0»8i«+*-, 7+³
'u5/ .p'S><55-½+*-.0.ÁW.0.0»i>0Ä9ÈI74.0'SÆ?½4>6.p>->6, ¬S7Q´iÉ
Ã
., ²')³S.p>¬)­N.p'SÆ?½/ .p>6, ¬S7Ád.0*-.5?')»S.07QÄ9=N·FÂ
')²
±
/ .p>CÆ')7(b.>6.0.07, 7Å, ³S«+*-.qÊ+ÄiËC½+.>6»F, 7, ²')³S.p>d')*-.q'uÌ.pÆ]5-.p8(F¸>6½9'S8i¬LÁ>d8i«+.5-¬
5-½+.g7+¬S7iÂ
±
/1')7+.g>6½9'
±
.g¬)­N5-½+.g¬S(i;I.pÆ]5?>0ÄËC½9')7+»i>5-¬5-½+.g«9>6.g¬)­W')7, 7\5-.0³S*?'u5-, 7+³>
±
½+.0*-.
Í
®ÎÏ>6.0.qÅ, ³S«+*-.p>®')798ÐÑNÁ, 5-½¬
±
5-, ²')/9, / / «+²Z, 79'u5-, ¬S7Æ¬S798i, 5-, ¬S79>W>6¬S²Z.>6»i, 7, ²')³S.p>
Í
¶uÎ Æ¬S«+/18(.Æ¬S*-*-.pÆ?5?.08$ÄiËC½+.>
±
½+.0*-.'S>->6«+²Z.p>W5-½9'u5C5-½+.Æ'
±
5-«+*-.p8¬S(+;m.pÆ]5?>')*-.
±
/1')7+.SÄ
ÒÔÓ
«9'S8i*?'u5-,1Æ²Z¬i8i.0/ ,1>'S>->6«+²Z.p8­Ç¬S*5-½+.¬S(+;I.pÆ]5?>0´9(b.pÆ0')«9>6.S´i­Ç¬S*, 79><5?')79Æ.S´9')74')*-²Õ¬S*
'3/ .0³9´+'S>'gÉ9*?><5'
±+±
*-¬p·i, ²'u5-, ¬S7Q´F,1>>6, ²Z, /1')*C5-¬'ZÆ¸F/ , 798i.0*C5-½9')75-¬'
±
/1')7+.SÄ
Ö75?½i.¬)5-½+.0*d½9')798$´i, 7')7,18i.p')/$>6, 5-«9'u5-, ¬S7Q´\­Ç¬S*C'g³S,
Ã
.07/ .p>6, ¬S7Q´\5-½+.Æ/1'S>->6, É9Æ0'u5-,1¬S7
¬S«i5
±
«i5>6½+¬S«+/18Æ¬S7S5]'), 7'3*-.
±
.p'u5-.p8
±
'u565-.0*-7Á, 5-½+, 7')798(.5IÁd.0.07>6.p>->6, ¬S79>0ÄFÈm5Æ¬S«+/18
(b.7+,1Æ.C5-¬gÆ¬S«+7S5WÁ, 5-½')7')/ ³S¬S*-, 5-½+²5-½9'u5d>6.0/ .pÆ]5?>')«i5-¬S²'u5-,1Æ0')/ / ¸S´L­Ç*-¬S²Ô5-½+.5-½+.0²'u5-,1Æ
²'
±
>0´Q5-½+.¬S(i;I.pÆ]5?>5-¬×(b.')/ , ³S7+.p8$Ä¿¬uÁW.
Ã
.0*p´ 'S>, 53Ád'S>*-.
±
¬S*65-.p8Ø, 7
Í
¹)Îm´Q­Ç¬S*g²')7\¸
.·+')²
±
/ .p>ZÁ, 5-½+¬S«i5')7F¸Ù, / /1«i²Z,17+'u5?, ¬S7ÚÆ¬S*-*-.pÆ]5-, ¬S7Q´5-½+,1>,1>Z7+¬)5'
±
¬\>->6, (+, / , 5<¸SÄËC½F«9>0´
')/ , ³S7+²Z.07\5')7984*-.0³S,1><5-*?'u5-, ¬S74Æ¬S«+/185-«+*-745-¬(b.'8i, ÛÆ«+/ 5Âm, ­W7+¬)5, ²
±
¬\>->6, (+/ .ÂC5?'S>6»Ä
ÈI7Ù¬S*?8i.0*5-¬×(b.')(+/ .5-¬
±
*-¬i8i«9Æ.
Ã
')/ ,18#*-.p>6«+/ 5?>g*-.0³\')*?8i, 7+³5-½+.'SÆ]5-«9')/C8+'u5?'uÂI>6.5p´')7
, / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-, ¬S7>-Æ-½+.0²Z.,1>
±
*-¬
±
¬\>6.p8½i.0*-.SÄ
ËC½+,1>*-.
±
¬S*65,¾>¬S*-³\')7+, µ0.p8×'S>­¾¬S/1/ ¬LÁ>0ÄQËC½+.ZÉ9*?><5
±
')*65,1>Æ¬S²
±
¬\>6.p8×(F¸45-½+.
±
*-¬)Â
±
¬\>6.p8ÈI/ / «+²Z, 79'u5-, ¬S7×ÜW¬S*-*-.pÆ]5-, ¬S7ÝiÆ-½+.0²Z.')7985-½+.³S.07+.0*?')/*-.p>6«+/ 5?>0Ä+ËC½+.>6.pÆ¬S798
±
')*65
l YZE0^ B-HIH<TbB-HdE0^¾r
  
F
PRKuH<B?_0G6EH<T K\_VID\[\B-G<BT H<[×MpDSH<T JE0^NT ^ ^ \JT KFEH<T MpK4U?MpKFXST H<T MpK\V\VIB]XH<MU]E0DSH<SG<BH<[\B
T JE0_pB?V?r
  
+	
hLB-H<U6[M0ONH<[\BVID\[\B-G<BT KuH<B?_0G6EH<T K\_^ T _p[uH<T K\_3H<B?U6[\K\Mp^ Mp_0fT H<[U]E0JB-G6EgH<B?U<[\K\Mp^ Mp_pfLr
a[FE0K\h)VNH<M
dT XSB?MpJB-H<B-G bO1M0GWDSG<Me)T XST K\_qH<[\T VT _pSG<Bpr
,1>gÆ¬S²
±
¬\>6.p8Ø(F¸×5-½+.
Ò
±+±
.0798i, ·$´Á½+,1Æ-½ÙÆ¬S7\5?'), 79>*-.p>6«+/ 5?>­¾¬S*g.p'SÆ-½
±
>6¬S*-,1'S>6,1>, ²')³S.
(b.0/ ¬S7+³S, 7+³5-¬5-½+.Z8+'u5?'>6.5pÄ$ËC½+,1>ÁC'S>q8i¬S7+.3>6¬Èm5,1>q, 79Æ/ «98i.p8­Ç¬S*5-½+.3*-.p'S8i.0*, 7S5-.0*6Â
.p><5-.p8¬S7')79')/ ¸Fµ0, 7+³g5-½+.*-.p>6«+/ 5?>C, 78i.5?'), /RÄ
 ¡6§ ©<¢£+©I¥W¢ﬁﬀØ¥¤+¤ﬃﬂ ¨b£+©<¥W¢ﬁ¨! ﬂ"#ﬂ
Ò
>6.5q¬)­d8+'u5?'­Ç¬S*qÁ½+,1Æ?½4, 5Æ0')74(.3'S>->6«+²Z.p85-½9'u5, 7×.p'SÆ-½47+.0, ³S½F(b¬S*-½+¬i¬i85-½+.Z8i'u5]'
½9'
Ã
.5-½+.>-')²Z.8i,1><5-*-, (+«i5-, ¬S7,1>*-.
Ó
«+, *-.p8$Ä+ËC½+., ²')³S.p>C¬)­/ .p>6, ¬S79>Á, 5-½
±
>6¬S*-,1'S>6,1>CÆ0')7
(b.d'S>->6«+²Z.p85-¬Æ¬S7\5?'), 75-½+*-..dÆ/1'S>->6.p>%$0(9'SÆ-»F³S*-¬S«+798$´07+¬S*-²')/\>6»F, 7')798/ .p>6, ¬S7QÄ0ÈI7¬S*?8i.0*
5-¬>6.0³S²Z.07S55-½+./ .p>6, ¬S79>0´9'35<ÁW¬)ÂI><5?')³S.½+, .0*?')*?Æ?½+,1Æ0')/QÆ/1'S>->6, ÉbÆ0'u5-, ¬S7>-Æ?½+.0²Z.Âm¬S*-, ³S, 79')/ / ¸
*-.
±
¬S*65-.p8Z, 7
Í
¹)Î Â½9'S>(b.0.07
±
*-¬
±
¬\>6.p8$ÄSËC½+.«9>6.0*W,1>*-.
Ó
«+, *-.p8g5-¬3>6.0/ .pÆ]55-½+.qÆ/1'S>->NÁ½+,1Æ?½
½+.Æ¬S79>6,18i.0*?>d²Z¬\><5>6«+, 5?')(+/ .q5-¬Z(b.«9>6.p8'S>C, 7
±
«i55-¬35-½+.ÈI/ / «+²Z, 79'u5-, ¬S7Å9«+79Æ]5-, ¬S7=W><Â
5-, ²'u5-, ¬S7#>-Æ?½+.0²Z.SÄ'&.0, ³S½\(¬S*-½+¬F¬i8+>¬)­
±
, ·i.0/1>(b.0/ ¬S7+³S, 7+³5-¬5-½9'u5gÆ/1'S>->')*-.Z'S>->6«+²Z.p8
5-¬>-'u5-,1><­Ç¸5-½+.Z>-')²Z.½+¬S²Z¬S³S.07+.0, 5<¸Æ*-, 5-.0*-,1'+ÄbÀq'u5?'')*-., 7\5-.0*
±
¬S/1'u5-.p84')7985-½+.3, / / «+²Z, Â
79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7,1>.p><5-, ²'u5-.p8­Ç*-¬S²"5-½+.p>6.8+'u5?'+Ä+À.5?'), /1>C­Ç¬S/ / ¬uÁÄ
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G 
	
		ﬁﬀﬃﬂ! #"$%"
Å+¬S*Æ¬S²
±
/ .5-.07+.p>->0´9³S.07+.0*?')/ 'S>
±
.pÆ]5?>¬)­5-½+.3>-Æ-½+.0²Z.
±
*-¬
±
¬\>6.p8, 7
Í
¹)Î')*-.³S,
Ã
.07½+.0*-.SÄ
:C'S>6,1Æ0')/ / ¸S´9, 75-½+.É9*?><5q><5?')³S.S´+5-½+.Z>6»F, 7,1>q>6.
±
')*?'u5-.p8­Ç*-¬S² 5-½+.g(9'SÆ?»F³S*-¬S«+798$´9')798$´b, 7
5-½+.>6.0Æ¬S798×><5?')³S.S´95-½+.Z/ .p>6, ¬S74,1>>6.
±
')*?'u5-.p8­Ç*-¬S² 5-½+.37+¬S*-²')/>6»F, 7QÄÈI7Ø(b¬)5-½Ø><5?')³S.p>0´
5-½+.Æ/1'S>->6.p>C')*-.'S>->6«+²Z.p85-¬Z(.&')«9>->6,1')78i,1><5-*-, (+«i5-.p8$Ä+ÈI7.p'SÆ?½><5?')³S.S´F²Z.p')79>0´9><5?')7iÂ
8+')*?8 8i.
Ã
,1'u5-, ¬S79>')798
±
*-, ¬S*
±
*-¬S(9')(+, / , 5-, .p>3¬)­q5-½+.Æ/1'S>->6.p>3ÁW.0*-..p><5-, ²'u5-.p8 Á, 5-½Ú')7
=N·
±
.pÆ]5?'u5-, ¬S7iÂI24'u·i, ²Z, µp'u5-, ¬S7
Ò
/ ³S¬S*-, 5-½+²
Í
¯pÎmÄbËC½+.p>6.3><5?'u5-,1><5-,1Æ0>ÁW.0*-.g, 7S5-*-¬+8i«9Æ].p8, 7×'
8i,1>-Æ*-, ²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7
Í
ÐLÎm´+Á½+,1Æ?½ÁC'S>'
±+±
/ , .p85-¬5-½+.¬S«i5
±
«i5¬)­5-½+.3Æ¬S7
Ã
¬S/ «i5-, ¬S7
¬)­5-½+.,1²')³S.qÁ, 5-½'ZÆ, *?Æ«+/1')*Á, 798i¬LÁ ¬)­¬
±
5-, ²')/ >6, µ0.
Í
°LÎmÄ
&'(		)#$%	ﬀ#*	+ﬀ-,.)#ﬀ#/	ﬁﬀ1023	$%*	+ﬀ
Å+¬S/ / ¬uÁ, 7+³
Í
ÊuÎm´i/ .5
i(x, y)
(.5-½+., / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7'uÌ.pÆ]5-, 7+³g5-½+.¬S*-, ³S, 79')/>-Æ.07+.
f(x, y)
$
g(x, y) = i(x, y)f(x, y)
Ï<®LÑ
>6«9Æ?½ 5-½9'u5
g(x, y)
,1>35-½+., / / «+²Z, 79'u5-, ¬S7Ú'uÌ.pÆ]5-.p8 >-Æ.07+.SÄËC½+,1>Z²Z¬i8i.0/'S>->6«+²Z.p>g5-½9'u5
5-½+.¬S«i5
±
«i5,1>d5-½+.
±
*-¬i8i«9Æ]5(b.5<ÁW.0.075-½+.')²Z¬S«+7S5¬)­')*-*-,
Ã
, 7+³/ , ³S½\5')7985-½+.¬S*-, ³S, 79')/
>-Æ.07+.*-.(49.pÆ]5-,
Ã
, 5<¸SÄ
Ò
É9*?><5'
±+±
*-¬L·i, ²'u5-, ¬S7,1>C5-¬'S>->6«+²Z.q5-½9'u5
i(x, y) =
gk(x, y)
βk
ÏRÐSÑ
Á½+.0*-.
βk
,1>'ZÆ¬S79><5?')7\5»F7+¬uÁ7'u­¾5-.0*8i.5-.pÆ]5-¬S*Æ0')/ , (+*?'u5-, ¬S7QÄ
5
.]5
G
´
F
')798
I
(.W>
±
.pÆ, ÉbÆN, ²')³S.p>¬)­
g(x, y)
´
i(x, y)
')798
f(r, c)
*-.p>
±
.pÆ]5-,
Ã
.0/ ¸SÄ
5
.5
F = {f [r, c]}
')798
G = {g[r, c]}
(b.½+, .0*?')*?Æ-½+,1Æ0')/ / ¸g8i.É97+.p8, 7Z5-.0*-²>¬)­
Z = {z[r, c]}
5-½9'u5Z*-.
±
*-.p>6.07S5?>5-½+.
±
')*65-, 5-, ¬S7Ù¬)­5-½+.>-Æ.07+., 7 8i, Ì.0*-.07\5ZÆ/1'S>->6.p>0Ä =W'SÆ?½
z[r, c]
,1>3'
Ã
')/1«i., 7
Ω = {1, . . . ,K}
´QÁ½+.0*-.
z[r, c] = k
²Z.p')79>5-½9'u55-½+.Æ¬F¬S*?8i, 79'u5-.
[r, c]
¬)­
'
±
, ·i.0/(b.0/ ¬S7+³\>5-¬5-½+.
k − th
Æ/1'S>->0Ä
5
.5
µ = {µ1, . . . , µK}
(b.5-½+.Æ/1'S>->²Z.p')79>0´
')798
M = {m[r, c] = µk/z[r, c] = k∀k ∈ Ω}
(b.>6«9Æ?½g5-½9'u5
m[r, c]
,1>5-½+.C²Z.p')73¬)­95-½+.
Æ/1'S>->5-½+.
±
, ·i.0/9'u5N/ ¬iÆ0'u5-,1¬S7
[r, c]
(b.0/ ¬S7+³\>5-¬9Ä
5
.]5
N
(b.8i.É97+.p83Á, 5-½35-½+./ ¬+Æ')/i²Z.p')79>
¬)­
G
>6«9Æ?½5-½9'u5
E[N] = M
Ä
5
.5
Nˆk
(.W5-½+.C, 7\5-.0*
±
¬S/1'u5-, ¬S7­Ç«+79Æ]5-, ¬S73¬)­b>-')²
±
/ .p8
Ã
')/ «+.p>
¬)­
Nk =< N,Z = k >
³S*-.p'u5-.0*5-½9')7×µ0.0*-¬76LÄQËC½+.07
Iˆ [r, c] = Nˆk[r,c]
Ok
')798
Ok
,1>q5-½+.
7+¬S*-²')/ , µp'u5-, ¬S7­'SÆ]5-¬S*pÄ
:d¬i8i¸
±
')*65?>')*-.²Z¬i8i.0/ / .p8Á, 5-½4'
Ó
«9'S8i*?'u5-,1Æq­Ç«+79Æ]5-, ¬S7QÄbËC½+., 7\5-.0*
±
¬S/1'u5-, ¬S7­Ç«+79Æ]Â
5-, ¬S7,1>C³S,
Ã
.07(\¸ $
yPx1 =
[
θPx1 1Px1 r c rr cc
]
ÏÇ¹FÑ
8
< N,Z = k > 9
;:
T VqH<[\BgVIU]E0^ EGDSG<M)XS\U-HtiB-HRB?B?KH<[\BH<B?K\VIM0G
N
E0KFXH<[\BH<[\B?JEH<T UgJE0DH<[FEH[FE0V?`$T K×E
_pT eLB?K^ MuU]EH<T MpKH<[\BWepE0^ \BWMpK\Bp`uT O9H<[\BU?M0GIG<B?VIDiMpKFXST K\_D\T SB?^FtiB?^ MpK\_pVH<MH<[\BhukÇH<[U?^ E0VIVNE0KFX
H<[\BCepE0^ \B=<?B-G<MM0H<[\B-GIT VIBpr
  YZE0^ B-HIH<TbB-HdE0^¾r
Á½+.0*-.
yi
,1>N5-½+./ ¬iÆ0')/+²Z.p')7
Ã
')/ «+.
nk[ri, ci]
­Ç¬S*W'³S,
Ã
.07Z(9')798')798
[ri, ci]
,1>N5-½+./ ¬iÆ0'uÂ
5-, ¬S7¬)­5-½+., ÂR5-½
±
, ·i.0/>-')²
±
/ .p8$´SÁ½+,1Æ?½(b.0/ ¬S7+³\>5?¬5-½+.»\ÂR5-½Æ]/¾'S>->0Ä
r = [r1, . . . , rP ]
T
´
c = [c1, . . . , cP ]
T
')798
rc = [r1c1, . . . , rP cP ]
T
´
rr = [r1r1, . . . , rP rP ]
T
')798
cc = [c1c1, . . . , cP cP ]
T
ÄNËC½+.7+¬S*-²')/ , µp'u5-, ¬S7¼­'SÆ]5-¬S*
Ok
,1>35-½+.²'u·i, ²')/
Ã
')/ «+.¬)­
(Gˆk[r, c] + γ)
')798
γ
,1>d5-½+.²Z, 7+, ²')/QÆ¬S79><5?')7\5'S8+8i.p85-¬
Gk[r, c]
>6«9Æ?½5-½9'u5C5-½+.¬S«i56Â
±
«i5,1>
±
¬\>6, 5-,
Ã
.SÄ
ËC½+,1>
±
*-¬iÆ.p8i«+*-.ZÆ0')7Ø(.'
±+±
/ , .p845-¬.0'SÆ?½#>6, 7+³S/ .Z, ²')³S.Z(+')798$Ä ËC½F«+>0´$­Ç¬S*²g«+/ 5-, Â
>
±
.pÆ]5-*?')/i, ²')³S.p>0´L5-½+.¬S«i5
±
«i5¬)­b5-½+.
±
*-.p>6.07\5W>-Æ-½+.0²Z.,1>'q²g«+/ 5-, ÂI>
±
.pÆ]5-*?')/ / ¸.p><5-, ²'u5-.p8
, / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7QÄ
  ﬂF§I£ N¢¦ ©F¨$§	
F©<¥W¢
ËC½+.')/ ³S¬S*-, 5-½+² 5-½9'u5.p><5-, ²'u5-.p>q5-½+., / / «+²Z, 79'u5-,1¬S7×­Ç«+79Æ]5-, ¬S7¼*-.
Ó
«+, *-.p>5-½9'u5p´$­Ç¬S*.p'SÆ-½
>6, 7+³S/ ., ²')³S.S´'²'
±
¬)­W')7.·
±
.pÆ]5-.p8½i¬S²Z¬S³S.07+.0¬S«9>*-.³S,1¬S7²g«9><5q(b.
±
*-¬
Ã
,18i.p8$Ä$Ö7
5-½+.¬)5-½+.0*½9')798$´i5-½+.
±
*-¬S(+/ .0²Õ,1>
±
*-.pÆ,1>6.0/ ¸5-½9'u55-½+.gÆ/1'S>->6, ÉbÆ0'u5-, ¬S7Æ0')77+¬)5(.8i¬S7+.
, 7×'«i7+, ­Ç¬S*-² ÁC'L¸')798­Ç¬S*5-½+,1>*-.p'S>6¬S7Q´i5-½+.g, / / «+²Z, 79'u5-, ¬S7×Æ¬S*-*-.pÆ]5-, ¬S7,1>7+.0.p8i.p8$Ä
Ò
>
ÁC'S>g²Z.07S5-, ¬S7+.p8Ù(.­Ç¬S*-.S´, 5Z,1>Z'S>->6«+²Z.p8#5-½9'u535-½+., ²')³S.p>g¬)­/ .p>6, ¬S79>gÁ, 5-½
±
>6¬S*-,1'S>6,1>
Æ¬S7\5?'), 75-½+*-.0.Æ/1'S>->6.p>%$iÆ«+*65?'), 7Q´F7+¬S*-²')/Q>6»F, 7')798/ .p>6, ¬S7QÄ+ËC½+.(b.p><5Æ0')798i,18+'u5-.5-¬(b.
, 7\5-.0*
±
¬S/1'u5-.p8,1>5-½+.g7+¬S*-²')/>6»F, 7Q´9(b.pÆ0')«9>6., 5«9>6«9')/ / ¸'
±+±
.p')*?>, 7×8i, Ì.0*-.07\5
±
')*65?>¬)­
5-½+., ²')³S.SÄi¿¬uÁd.
Ã
.0*p´F5-½+.0*-.')*-.Æ0'S>6.p>d­Ç¬S*CÁ½+,1Æ?½ÁW.Æ¬S«+/18Æ¬S79>6,18i.0*d5-½9'u55-½+.Á½+¬S/ .
, ²')³S.,1>
±
«+*-./ .p>6, ¬S7QÄÅ+¬S*5-½+,1>*-.p'S>6¬S7Q´Q.p'SÆ?½Ù>6.5g¬)­, ²')³S.p>Æ¬S*-*-.p>
±
¬S798i, 7+³5-¬45-½+.
>-')²Z./ .p>6, ¬S7¼ÁC'S>5-*-.p'u5-.p8¼>6.
±
')*?'u5-.0/ ¸SÄ Å+¬S*5-½+., ²')³S.p>¬)­5-½+.É9*?><5
±
'u5-, .07\5p´, 53ÁC'S>
±
¬\>->6, (+/ .5-¬
±
*-¬
Ã
,18i.q'*-¬S«+³S½.p><5-, ²'u5?, ¬S7¬)­$5-½+.q²'
±
>dÆ¬S*-*-.p>
±
¬S798i, 7+³5-¬5-½+.q7+¬S*-²')/
>6»F, 7QÄ)ËC½+.p>6.d²'
±
>Ád.0*-.W5-½+.C¬S«i5
±
«i5¬)­+5-½+.>6.0Æ¬S7983><5?')³S.W¬)­95-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S73>-Æ-½+.0²Z.
«9>6.p8$ÄF¿¬uÁd.
Ã
.0*p´S­Ç¬S*5-½+.q*-.0²'), 7+, 7+³gÆ0'S>6.p>0´S5-½+.²'
±
>W¬)­$5-½+.>6»F, 7Q´\, 79Æ/ «98i, 7+³3/ .p>6, ¬S79>u´
Ád.0*-.3«9>6.p845-¬.p><5-, ²'u5-.35-½+.Z, / / «+²Z, 79'u5-, ¬S7×­Ç«+79Æ]5-, ¬S7QÄQËC½+.35-½+.0²'u5-,1Æ3²'
±
>
±
*-¬+8i«9Æ.p8
, 75-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7>-Æ?½+.0²Z.Æ¬S²g(+, 7+.p8Á, 5-½5-½+.¬S*-, ³S, 79')/9, ²')³S.p>d«+>6.p8'S>W, 7
±
«i5­Ç¬S*
5-½+.Z, / / «+²Z, 79'u5-, ¬S7#Æ¬S*-*-.pÆ]5-, ¬S7×><5?')³S.Z')*-.3>6½+¬uÁ7×, 7#Å, ³S«+*-.ZÊ+Ä
Ò
>q, 5Æ0')7×(b.>6.0.07Q´­Ç¬S*
5-½+.Æ0'S>6.p>
1A
´
1B
')798
1C
´ 5-½+.*-.0³S, ¬S7#²'
±+±
, 7+³47+¬S*-²')/W>6»F, 7ÙÁd'S>«9>6.p8$ÄÅ+¬S*5-½+.
Æ0'S>6.p>
2A
')798
3A
´S'q²'
±
, 798i,1Æ0'u5-, 7+³q5-½+.Á½+¬S/ .C, ²')³S.CÁC'S>³S.07+.0*?'u5-.p8$ÄuÅ9¬S*5-½+.Æ0'S>6.p>
2B
´
2C
´
3B
')798
3C
5-½+.5-½+.0²'u5-,1Æq²'
±
, 798i,1Æ0'u5-, 7+³>6»F, 7Ád'S>>6.0/ .pÆ]5-.p8$Ä
ËC½+., ²')³S.*-.0³S, ¬S735-¬g(.²Z¬i8i.0/ / .p8Ád'S>dÆ¬S7
Ã
¬S/
Ã
.p83Á, 5?½'gÆ],1*?Æ]«+/1')*WÁ, 798i¬uÁ Á, 5-½
'×8i,1')²Z.5-.0*3¬)­.0/ .
Ã
.07
±
, ·i.0/1>0´.0²
±
, *-,1Æ0')/ / ¸Ø­¾¬S«+798$ÄNÈI7Ù¬S*?8i.0*g5-¬×*-.p8i«9Æ.S´8i«+*-, 7+³×5-½+.
Æ¬S7
Ã
¬S/ «i5-, ¬S7Q´)5-½+., 7*49«+.079Æ.¬)­
±
, ·i.0/
Ã
')/ «+.p>(b.0/ ¬S7+³S, 7+³5-¬g¬)5-½+.0*dÆ/1'S>->6.p>N, 7Z5?½i.*-.0³S, ¬S7
(b¬S*?8i.0*?>0´
±
, ·i.0/
Ã
')/ «+.p>5-¬×(b..·+Æ/ «98i.p8#­Ç*-¬S² 5-½+.²Z¬i8i.0/dÁW.0*-.
±
*-.
Ã
, ¬S«9>6/ ¸Ø*-.
±
/1'SÆ.p8
Á, 5-½¼5-½+.²Z.p')7
Ã
')/ «+.¬)­C5-½+.8+'u5?'5-¬4(b.²Z¬i8i.0/ / .p8$ÄËC½+,1>ÁC'S>')/1>6¬48i¬S7+., 7¼¬S*?8i.0*
5-¬
±
*-.p>6.0*
Ã
.5-½+.Æ¬S*-*-.pÆ]5Z>6½9'S8i¬uÁ", 7i­Ç¬S*-²'u5-, ¬S7Ù¬)­5-½+.*-.0³S, ¬S7¼5-¬#(b.²Z¬i8i.0/ / .p8$Ä
Ò
7
')*65-, ÉbÆ,1')/³S*-,18ÁC'S>
±
/1'SÆ.p84¬S745-½+.ZÁ½+¬S/ .3, ²')³S.S´$')7984³S*-,18
±
, ·i.0/1>q(.0/ ¬S7+³S, 7+³5-¬5-½+.
*-.0³S, ¬S75-¬(b.²Z¬i8i.0/ / .p8Ád.0*-.>-')²
±
/ .p8$Ä

a[\T VJB]E0K\VH<[\BMpSH<D\SHNM0O$H<[\Bd\G<VmHVmH6E0_LBM0O$H<[\BCU?^ E0VIVIT FU]EH<T MpKVIU<[\B?JB
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G  
ËC½+..p><5-, ²'u5-.p8#²g«+/ 5-, ÂI>
±
.pÆ]5-*?')/, / / «+²Z, 79'u5-, ¬S7#­Ç«+79Æ]5-, ¬S79>g')798Ø5-½+.Æ¬S*-*-.p>
±
¬S798i, 7+³
.p><5-, ²'u5-.p8, / / «+²Z, 79'u5-, ¬S7iÂIÆ¬S*-*-.pÆ]5-.p8, ²')³S.p>dÆ0')7(b.>6.0.07, 7Å, ³S«+*-.q¹9ÄiËC½+.q.p><5-, ²'u5-.p8
, / / «+²Z, 79'u5-, ¬S7 ­Ç«+79Æ]5-, ¬S7Ú­Ç¬S*.p'SÆ?½Ú>6, 7+³S/ ., ²')³S.¬)­q5-½+.
±
>6¬S*-,1'S>6,1>3, ²')³S.>6.5Æ0')7Ú(b.
­Ç¬S«+798¼, 7
Ò
±+±
.0798i, ·
Ò
Ä &¬)5-.5-½9'u5g5-½+..·F5-*?'
±
¬S/1'u5-, ¬S7Ø.0*-*-¬S*?>²Z¬\><5-/ ¸×¬+Æ0Æ«+*, 7¼5-½+.
(9'SÆ?»F³S*-¬)«+798$´iÁ½+,1Æ-½*-.p')/ / ¸8i¬F.p>C7+¬)5Æ¬S7\5?'), 7, 7i­Ç¬S*-²'u5-, ¬S7¬)­, 7S5-.0*-.p><5')7\¸F½+¬uÁÄ
1A 1B 1C
2A 2B 2C
3A 3B 3C
1A 1B 1C
2A 2B 2C
3A 3B 3C
  
+
\E0JD\^ B?VM0OWM0G<T _pT KFE0^T JE0_pB?VMpO^ B?VIT MpK\VT H<[D\VIM0G<T E0VIT V
9
^ B-O H :E0KFXH<[\BH<[\B?JEH<T U
JE0D\V
9
G<T _p[uH :MpSH<D\SH<VM0OH<[\BU?^ E0VIVIT FU]EH<T MLKÙVIU6[\B?JBZ\VIB]X#T KØH<[\BT ^ ^ \JT KFEH<T MpK#O1\K\U-H<T MpK
B?VmH<T JEH<T MpK9r
1A 1B 1C
2A 2B 2C
3A 3B 3C
1A 1B 1C
2A 2B 2C
3A 3B 3C
  
b
VmH<T JEH<B]XZT ^ ^ \JT KFEH<T MpKO1\K\U-H<T MpK\VdM0OQH<[\BT JE0_pB?VdM0O	$T _pSG<B2
9
^ B-O H :WE0KFXZH<[\BU?M0GIk
G<B?VIDiMpKFXST K\_T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<B]X3T JE0_pB?V
9
G<T _p[uH :6r
 YZE0^ B-HIH<TbB-HdE0^¾r
ÜW¬S²Z²Z.07S5?>(9'S>6.p8¬S7
Ã
,1>6«9')/'S>->6.p>->6²Z.07\5¬)­N5-½+.3, / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S79>q¬)­.p'SÆ-½
³S*-¬S«
±
¬)­d, ²')³S.p>q¬)­W5-½+.>-')²Z.3/ .p>6, ¬S7×­Ç¬S/ / ¬uÁÄÈm5,1>
Ó
«+, 5-.Z¬S(
Ã
, ¬S«9>5-½9'u5'
Ó
«9'S8i*?'u5-,1Æ
²Z¬i8i.0/b,1>W7+¬)5
Ã
.0*-¸3*-.
±
*-.p>6.07S5?'u5-,
Ã
.¬)­Q')7¬S(i;I.pÆ]5d/ , »S.q'½9')798$ÄFËC½+,1>,¾>*-.(49.pÆ]5-.p8, 75-½+.
, / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ?5?, ¬S7Q´bÁ½+,1Æ-½×8i¬F.p>7+¬)5, 79Æ/ «98i.5-½+.3>6½9'S8i¬uÁ>(b.5<ÁW.0.075-½+.É97+³S.0*?>0Ä
ÜW¬S7\5-, 7\«+, 7+³3Á, 5-½5-½+.q7+.·F5/ .p>6, ¬S7Q´\Ád.Æ0')7¬S(9>6.0*
Ã
.5-½9'u5
±
')*65d¬)­Q5-½+./ .p>6, ¬S7
B
¬)­
±
'uÂ
5-, .07\5
1
,1>Æ¬
Ã
.0*-.p8(F¸>6½9'S8i¬uÁ , 75-½+.¬S*-, ³S, 79')/$, ²')³S.p>0Ä+ÈI74>
±
, 5-.¬)­5-½+., / / «+²Z, 79'u5-, ¬S7
­Ç«+79Æ]5-, ¬S7(b.0, 7+³Z')/ ²Z¬\><5d5-½+.>-')²Z.­Ç¬S*C')/ /b5-½+.Æ0'
±
5-«+*-.p>0´\, 5½9'S>5-¬3(.q7+¬)5-.p8$´\5-½9'u5C5-½+.
/ .p>6, ¬S7
±
*-.p>6.07\5?>¬+Æ0Æ/ «9>6, ¬S79>, 74>6¬S²Z.Æ0'S>6.p>0´+Á½+,1Æ?½²Z.p')79>C5-½9'u5p´')/ ¬S7+³35?½i.3Æ0'
±
5-«+*-.p>0´
5-½+.>6½9'S8i¬uÁ ,1>C7+¬)5'uÌ.pÆ]5-, 7+³'Z³S,
Ã
.07
±
')*65¬)­ 5-½+./ .p>6, ¬S7, 75?½i.g>-')²Z.Ád'L¸SÄ
ª
, 5-½*-.Â
>
±
.pÆ]5N5-¬/ .p>6, ¬S7
C
¬)­
±
'u5-, .07\5
1
´)Á½+,1Æ?½3,1>
±
/1'SÆ.p8g, 735-½+.Æ.07S5-.0*N¬)­b5-½+., ²')³S.S´L, 5W>6.0.0²>
5-½9'u55-½+., / / «+²Z, 79'u5-, ¬S74Æ¬S*-*-.pÆ]5-, ¬S7Ád¬S«+/187i¬)5, ²
±
*-¬
Ã
.­Ç«i5-«+*-.g')/ , ³S7+²Z.07S5q')798*-.0³S,1><Â
5-*?'u5-, ¬S7¬S«i5
±
«i5?>
Ã
.0*-¸²g«9Æ?½QÄ9¿¬LÁd.
Ã
.0*p´F7+¬)5-., 75-½+., / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-.p8, ²')³S.p>0´
5-½9'u5d5-½+.>6½9'S8i¬uÁ>d')*-.7+¬)5C*-.0²Z¬
Ã
.p8$Ä &¬)5?.q, 7
Í
¹)Î5-½9'u5d5-½+.
±
*-¬
Ã
,18i.p8Z5-½+.0²'u5-,1Æ²'
±
>
, 798i,1Æ0'u5-, 7+³Z>6»F, 78i¬Z7+¬)5C, 79Æ/ «98i.q5-½+.*-.0³S, ¬S79>WÆ¬
Ã
.0*-.p8(F¸>6½9'S8i¬uÁ>0Ä.p>6«+/ 5?>CÆ¬S«+/18(b.
, ²
±
*-¬
Ã
.p8#É9798i, 7+³×(b.565-.0*g5-½+.Æ¬\><5
Ã
')/ «+.p>­Ç¬S*g5-½+.8i,1>-Æ*-, ²Z, 79'u5-, ¬S7¼­Ç«+79Æ]5-, ¬S7Ù, 7Ù5-½+.
Æ/1'S>->6, ÉbÆ0'u5-, ¬S7>-Æ?½+.0²Z.SÄiÅ+¬S*d5-½+./ .p>6, ¬S7
A
¬)­
±
'u5-, .07\5
2
, 5,1>C7i¬)5?.085-½9'u5C5-½+., / / «+²Z, 79'uÂ
5-, ¬S7²Z¬+8i.0/ *-.
±
*-.p>6.07S5?>5-½+.g>6½9'S8i¬uÁ>C5-½9'u5'
±+±
.p')*¬S75-½+.g/ .­¾5q¬)­5-½+.g, ²')³S.p>, 75-½+.
>6.pÆ¬S7984')798­Ç¬S«+*65-½Ø>6.0>->6,1¬S7
Ó
«+, 5-.3ÁW.0/ /RÄ ÜW¬S²
±
')*-, 7+³5-½+.3Æ/1'S>->6, É9Æ0'u5-,1¬S7¬S«i5
±
«i5'u­¾5-.0*
, / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-, ¬S7gÁ, 5-½35-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7g¬S«i5
±
«i5«9>6, 7+³5-½+.¬S*-, ³S, 79')/i8+'u5?'ZÏ>6.0.
Í
¹)ÎÇÑ]´+, 5qÆ0')7(b.g8i.p8i«+Æ.p8$´+5-½9'u5p´+­Ç¬S*C5-½+,1>Æ0'S>6.S´F5-½+., / / «+²Z, 79'u5-, ¬S74Æ]¬S*-*-.pÆ]5-, ¬S7,1>Æ/ .p')*-/ ¸
7+.pÆ.p>->-')*-¸SÄ
5
¬F¬S»F, 7+³3'u5d5-½+.q, / / «+²Z, 79'u5-,1¬S7Æ¬S*-*-.pÆ]5-.p8, ²')³S.p>W¬)­
±
'u5-, .07\5
2
´F/ .p>6, ¬S7
B
, 5
Æ0')7(b.7+¬)5-.p85-½9'u5C5-½+., / / «+²Z, 79'u5-, ¬S7²Z¬i8i.0/Q8i¬F.p>C7+¬)5Æ¬S*-*-.pÆ]5W5-½+.>6½9'S8i¬uÁ>W, 7>6¬S²Z.
Æ0'
±
5-«+*-.p>Ád.0/ /RÄËC½+,1>,1>g8i«+.5-¬5-½+.­'SÆ]55-½9'u5g5-½+.5-½+.0²'u5-,1Æ²'
±
¬)­C5-½+.>6»F, 7¼8i¬i.p>
7+¬)53, 79Æ/ «98i.
±
')*65?>g¬)­5-½+.>6½9'S8i¬uÁ>0´ Á½+,1Æ-½ ÁW.0*-.'S>->6, ³S7+.p8Ø5-¬45-½+.Æ/1'S>->gÆ«+*65?'), 7Ù, 7
5-½+.É9*?><5dÆ/1'S>->6, ÉbÆ0'u5-, ¬S7><5?')³S. $SÆ?½9')7+³S.p>, 75-½+.qÆ¬\><5
Ã
')/ «+.p>WÆ¬S«+/18Z, ²
±
*-¬
Ã
.5-½+.*-.p>6«+/ 5?>
¬S(i5?'), 7+.p8$Ä+Å+¬S*d5-½+.Æ0'S>6.
(2, C)
´+, 5,1>C7+¬)5-.p85-½9'u5C5-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7¬S«i5
±
«i5, ²
±
*-¬
Ã
.p>
Á½+.075-½+., / / «+²Z, 79'u5-, ¬S7,1>Æ¬S*-*-.pÆ]5-.p8$ÄiÈI7>
±
, 5-.¬)­(b.0, 7+³.·F5-*?'
±
¬S/1'u5-, ¬)7.0*-*-¬S*?>d, 75-½+.
Æ«+*65?'), 7Q´F5-½+.0¸¬S(
Ã
, ¬S«9>6/ ¸8i¬Z7+¬)5'uÌ.pÆ]5C5-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7(b.5<Ád.0.077+¬S*-²')/$>6»F, 7')798
/ .p>6, ¬S7QÄiËC½+., / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S79>C¬)­ 5-½+.Æ0'S>6.
(3, A)
>6.0.0² 5-¬3*-.
±
*-.p>6.07\5d5-½+.>6½9'S8FÂ
¬uÁ>¬S7×5?½i.¬S*-, ³S, 79')/, ²')³S.p>Ád.0/ /RÄ ËC½+,1>Æ0'S>6.,1>
Ó
«+, 5-.8i, ÛÆ«+/ 5p´ (b.pÆ0')«9>6., 5,1>½9')*?8
5-¬,18i.07S5?, ­Ç¸Æ¬S*-*-.p>
±
¬S798i.07\5
±
¬S, 7S5?>, 75-½+., ²')³S.p>(\¸
Ã
,1>6«9')/'S>->6.p>->6²Z.07S5pÄ9ËC½+.0*-.­Ç¬S*-.S´
5-¬.
Ã
')/ «9'u5-.5-½+.gÆ/1'S>->6, ÉbÆ0'u5-, ¬S7¬S«i5
±
«i5,1>8i, ÛÆ«+/ 5pÄ¿¬uÁd.
Ã
.0*p´+­Ç¬S*q>-')²Z.
±
'), *?>¬)­W>6.p><Â
>6, ¬S79>0´)>6¬S²Z.d»F, 798g¬)­b*-.
±
.p'u5-.p8g><5-*-«9Æ]5-«+*-.Æ0')73(b.C¬S(9>6.0*
Ã
.p8$ÄuËC½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7¬S«i5
±
«i5
Á, 5-½+, 7>6.p>->6, ¬S79>N'u­¾5-.0*N,1/ / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-, ¬S7g¬)­b5-½+., ²')³S.p>¬)­b5-½+.Æ0'S>6.
(3, B)
8i¬F.p>
7+¬)5/ ¬F¬S»
Ã
.0*-¸Æ¬S7
Ã
, 79Æ, 7+³9Ä+ËC½+,1>²'p¸(b.8i«+.5-¬Z5-½+.>
±
½+.0*-,1Æ0')/$>6½9'
±
.¬)­5-½+., / / «+²Z, Â
79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7Q´+Á½+,1Æ?½,1>7+¬)5*-.
±
*-.p>6.07\5?'u5-,
Ã
.¬)­ 5-½+.(¬i8i¸
±
')*65²Z¬+8i.0/ / .p8$Äﬃ&¬)5-., 7
5-½+.q, / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-.p8Z, ²')³S.p>N5?½i.q/1, ³S½S5')*-.p'S>¬S75-½+.q, ²')³S.qÆ¬S*-7+.0*?>0Ä
Ò
(b.565-.0*
5-½+.0²'u5-,1Æ²'
±
¬)­5-½+.*-.0³S, ¬S75-¬(b.²Z¬+8i./1/ .p8Æ¬S«+/18, ²
±
*-¬
Ã
.5-½+.*-.p>6«+/ 5?>¬S(i5?'), 7+.p8$Ä
Å+¬S*d5-½+.Æ0'S>6.
(3, C)
´+>6»F, 78i,1>
±
/1'SÆ.0²Z.07\5?>C'u565?'), 7+.p8'u­15?.*C­Ç¬S/18i, 7+³g5-½+..0/ (¬LÁ ')/ /1¬LÁ 5-¬
,18i.07\5-, ­Ç¸×Æ¬S*-*-.p>
±
¬)798i, 7+³
±
¬S, 7\5?>
Ã
,1>6«9')/ / ¸SÄ$:d¸×Æ¬S²
±
')*-, 7+³5-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7×¬S«i5
±
«i5?>
'u­¾5-.0*d, / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-, ¬S7ZÁ, 5-½+, 7>6.p>->6, ¬S79>0´S,17³S.07+.0*?')/R´)5-½+.0¸Æ¬S7S5?'), 7'*-.
±
.p'u5-.p8
±
'u565-.0*-7QÄ¿¬uÁd.
Ã
.0*p´Q­Ç¬S*3>6¬S²Z.
±
'), *?>¬)­>6.p>->6, ¬S79>0´
±
')*65-,1Æ«+/1')*-/ ¸45-½+./1'S><5g¬S7+.p>0´ ,1>7+¬)5
Ó
«+, 5-.¬S(
Ã
,1¬S«+>C½+¬uÁ 5-½+.Æ¬S*-*-.p>
±
¬S798i.079Æ.>6½+¬S«i/¾8(b.SÄ
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G 
ËC½+.7+¬S*-²')/ , µ0.p8 ½+,1><5-¬S³S*?')²>3¬)­5-½+.*-.0³S, ¬S7 , 798i,1Æ0'u5-, 7+³¼>6»F, 7ÚÁd'S>')³\'), 7ÚÆ0')/1Æ«iÂ
/1'u5-.p8 ­Ç¬S*.p'SÆ?½Ú>6, 7+³S/ .  :WÂ<& (9')798$ÄWË')(+/ .¼®S´Æ¬S²
±
')*?')(+/ .5-¬ÙË')(+/ .×Ð×, 7
Í
¹)Îm´ÁC'S>
Æ¬S79><5-*-«9Æ]5-.p8$Ä)Ä$À.5?'), /1>qÆ0')74(b.g­Ç¬S«+798, 7ØË')(+/ .ZÐiÄ
Ò
>q, 5Æ')7×(b.g¬S(9>6.0*
Ã
.p8$´9, 7×³S.07iÂ
.0*?')/R´\5-½+.Æ¬S*-*-.0/1'u5-, ¬S7
Ã
')/ «+.p>C')*-.>6²')/ / .0*d5-½9')7(b.­Ç¬S*-.SÄiËC½+./1')*-³S.Æ¬S*-*-.0/1'u5-, ¬)7
Ã
')/ «+.p>
(b.­Ç¬S*-., / / «+²Z, 79'u5-, ¬S7ÚÆ¬S*-*-.pÆ]5-, ¬S7 Æ¬S«+/18 (b.8i«+.5-¬×5-½+., / / «+²Z, 79'u5-, ¬S7 , 5?>6.0/ ­')798Ù5-½+.
'SÆ]5-«9')/NÆ¬S*-*-.0/1'L5-, ¬S7
Ã
')/ «+.p>q')*-.g²Z¬S*-.3*-.p')/ ­Ç¬S*5-½+.>6»F, 7Ø8+'u5?'+ÄbÈm5,1>>6«+³S³S.p><5-.p85-¬.·FÂ
5-*?'
±
¬S/1'u5-.><5?'u5-,1><5-,1Æ0>d­Ç*-¬S²"¬S7+.>6, 7+³S/ ., ²')³S.q5-¬')7i¬)5?½i.0*¬S7+/ ¸'u­¾5-.0*7+¬S*-²')/ , µp'u5-, ¬S7QÄ

F  F
eLB-G6E0_pBE0KFXVmH6E0KFX\EG6XXSB?e)T EH<T MpKU?M0GIG<B?^ EH<T MpKepE0^ \BtiB-HB?B?KH<[\B[\T VmH<Mp_0G6E0J M0O
EK\M0G<JE0^ T <?B]XT ^ ^ \JT KFEH<T MpKSkU?M0GIG<B?U-H<B]XT JE0_pBtFE0KFXE0KFX3H<[\BK\M0G<JE0^ T <?B]X[\T VmH<Mp_0G6E0J M0OQH<[\B
K\M0G<JE0^ T <?B]X3tFE0KFXSVNM0OH<[\BT ^ ^ \JT KFEH<T MpKSkU?M0GIG<B?U-H<B]XgT JE0_LB-VWtiB?^ MpK\_pT K\_qH<MqH<[\BCV<E0JBVIB?VIVIT MpK9r
9	
EH<T B?KuH]`
µa σa µb σb µc σc µd σd
s9B?VIT MpK*:
9
p`

: o)r
 
o o)r   o)r  
 
o)r o;
 
o o)r    o)r  
 
  o)r  
pn
qo)r l  0o
9
p` : o)r  3    o)r    ! o)r 
   

qo)r ]opn  o)r 
 
o)r o
; o)r    o)r o;    
9
p` : o)r
 
  0oqo)r ]o
po o)r
 
n  0oqo)r opn
 

 o)r   3
qo)r ]o

 
9
lu`

: o)r
 
  
qo)r     o)r lo)r o    ul o)r  
 

 
o)r opn  
 
o)r  Ln o)r l


9
lu` : o)r  Lopopoqo)r o    ! o)r   
 o)r ]oLl
 o)r  
po o)r o
 

; o)r 

 
o)r oLl
 
l
9
lu` : o)r   ulo)r o      o)r  
 
lo)r  pl3 o)r      !o)r o
    o)r  ul0n  o)r o  ;3
9
)`

: o)r  

 
o)r o;( o)r
 
 Lopnqo)r  ;   o)r 

 
nqo)r opn

 
o)r   (
qo)r o    
 
9
)` : o)r  
  qo)r o
 

 
o)r    0n  o)r opn ]n o)r   ul o)r oLl3
 o)r     0oqo)r opnul
9
)` : o)r  Ln  qo)r (pl o)r  
 
0nqo)r o; o)r   ]nqo)r o

   o)r  !0oLlo)r o
 
l
 
ËC½+.>-')²Z.5-½+.0²'u5-,1Æ²'
±
>3, 798i,1Æ0'u5-, 7+³#>6»F, 7 ³S.07+.0*?'u5-.p8¼, 7 5-½+.
±
*-.
Ã
, ¬S«9>3Æ/1'S>->6, Â
ÉbÆ0'u5-, ¬S7Ù«+>6,17i³45-½+.¬S*-, ³S, 79')/W, ²')³S.p>0´ ÁW.0*-.'S>->6«+²Z.p8Ø5-¬×(b.5-½+.¬S«i5
±
«i53¬)­5-½+.É9*?><5
Æ/1'S>->6, ÉbÆ0'u5-, ¬S7×><5?')³S.3«9>6, 7+³5-½+.Z, ²')³S.p>qÁ, 5-½Ø, / / «+²Z, 79'u5-, ¬S7#Æ¬S*-*-.pÆ]5-, ¬S7QÄËC½+.Z¬S«i5
±
«i5?>
¬)­d5-½+.>6.pÆ¬S798Ø><5?')³S.Z¬)­d5-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7Ø>-Æ?½+.0²Z.')*-.>6½+¬uÁ7Ø, 7ÙÝF«+(9>6.pÆ]5-, ¬S7 ÜÄQÈI7
¬S*?8i.0*q5-¬4'
Ã
¬S,18×.·F5-*?'
±
¬S/1'u5-, ¬S7×.0*-*-¬S*?>0´95-½+.8i,1>-Æ*-, ²Z, 79'u5-, ¬S7×­Ç«+79Æ]5-, ¬S7#ÁC'S>Æ¬S²
±
«i5-.p8
­Ç¬S*.p'SÆ?½>6, 7+³S/ ., ²')³S.>6.
±
')*?'u5-.0/ ¸SÄ
Ò
>Q, 5Æ0')7(.W>6.0.07Q´5-½+.0²'u5-,1Æ²'
±
>Q¬)­+>6¬S²Z.N/ .p>6, ¬S79>0´0½9'
Ã
.W>6¬S²Z.*-.
±
.p'u5-.p8
±
'u565-.0*-79>
, 7ØÆ¬S²Z²Z¬S7QÄ$:C'S>6.p8¬S745-½+,1>0´, 5,1>qÆ¬S79>6,18i.0*-.p85-½9'u5q5-½+.3¬S«i5
±
«i5¬)­5-½+.3, / / «+²Z, 79'u5-, ¬S7
Æ¬S*-*-.pÆ]5-, ¬S7,¾>q'(.565-.0*q.p><5-, ²'u5-, ¬S74¬)­N5-½+.3.·
±
.pÆ]5-.p848+'u5?'+Ä¿¬uÁW.
Ã
.0*p´9, 7×¬S*?8i.0*5-¬(b.
')(+/ .5-¬')«i5-¬S²'u5-,1Æ0')/ / ¸>6.0/ .pÆ]5Æ¬S*-*-.p>
±
¬S798i, 7+³Z¬S(+;I.pÆ]5?>, 75-½+.5-½+.0²'u5-,1Æ²'
±
>¬)­N5-½+.
>-')²Z./ .p>6, ¬S7Q´\­Ç«+*65-½+.0*dÁd¬S*-»Z7+.0.p8+>5-¬3(.q8i¬S7+.SÄ+ÝF, 79Æ.q, 5C,1>d7+¬)5d5-½+.q²'), 7¬S(+;I.pÆ?5?,
Ã
.q¬)­
5-½+.
±
*-.p>6.07S5dÁd¬S*-»´)5-½+.qÆ0'S>6.p>N­Ç¬S*dÁ½+,1Æ?½, 5CÁd'S>W7+¬)5
±
¬\>->6, (+/ .5-¬3')«i5-¬S²'u5-,1Æ0')/ / ¸Z8i.É97+.
Æ¬S*-*-.p>
±
¬S798i, 7+³¬S(+;I.pÆ]5?>0´²')7F«9')/ / ¸>6.0/ .pÆ]5-, ¬S7Ø'u­¾5-.0*
Ã
,1>6«9')/, 79>
±
.pÆ]5-, ¬S7×¬)­5-½+.Z, ²')³S.p>
,1>>6«i³S³S.p><5-.p8$Ä
Èm5>6½+¬S«+/18 5-¬Ù(b.4²Z.07\5-, ¬S7+.p8 5-½9'u5, 7 ²')7\¸ÚÆ0'S>6.p>0´W>6½9'S8i¬uÁ>Z, 7 5-½+.×>6»F, 7 Ád.0*-.
'S>->6, ³S7+.p85-¬Z5-½+.Æ/1'S>->Æ«+*65?'), 7QÄ9ËC½+,1>8i,187+¬)5')/ / ¬uÁ 5-½+., 7\5-*-¬i8i«9Æ]5-, ¬S7¬)­5-½+.Æ¬S*-*-.pÆ]5
>6/ ¬
±
.¬)­5-½+.g>6«+*6­'SÆ.q5-½9'u5*-.
±
*-.p>6.07\5?>d5-½+.g>6»F, 7, 75-½+., / / «+²Z, 79'u5-, ¬S7²Z¬i8i.0/RÄbÅ, 798i, 7+³

\M0GWU?MpJD\SH6EH<T MpKFE0^9XSB-H6E0T ^ V?`FVIB?B

uFEH<T MpK\V  E0KFX  T K   %
n YZE0^ B-HIH<TbB-HdE0^¾r
(b.565-.0*Æ¬\><5
Ã
')/ «+.p>5-¬Ø«9>6.«9>6., 7Ù5-½+.8i,1>-Æ*-, ²Z, 79'u5-, ¬S7¼­Ç«+79Æ]5-, ¬S79>3,1>3.079Æ¬S«+*?')³S.p8#, 7
¬S*?8i.0*d5-¬, ²
±
*-¬
Ã
.q5-½+.¬S(i5?'), 7+.p8*-.p>6«+/ 5?>0Ä
  ﬀØ¥W¢¨ 6§	F©<¥W¢	
Ò
7+.0Á >-Æ?½+.0²Z.q­Ç¬S*, / / «+²Z, 79'u5-, ¬S7Æ¬S*-*-.pÆ]5-, ¬S7, 78i.0*-²'u5-¬S/ ¬S³S,1Æ0'u/$8+'u5?'35-½9'u5Æ¬S²(+, 7+.p>
Æ¬S7
Ã
.07\5-, ¬S79')/ 5-¬F¬S/1>q½9'S>(..07
±
*-¬
±
¬\>6.p8$ÄËC½+.ZÆ/1'S>->6, ÉbÆ0'u5-, ¬S74>-Æ?½+.0²Z.3«9>6.p84½9'S>q(b.0.07
>6½+¬uÁ7Ø5-¬
±
*-¬i8i«9Æ.>6«+, 5?')(+/ .Z5-½+.0²'u5-,1Æ²'
±
>5-¬(.«9>6.p8Ø, 7#5-½+..p><5-,1²'u5-, ¬S7#¬)­C5-½+.
, / / «+²Z, 79'u5-, ¬S7­Ç«+79Æ]5-, ¬S7'uÌ.pÆ]5-, 7+³5-½+.q>-Æ.07+.SÄSÈm5d½9'S>W')/1>6¬(.0.07>6½+¬uÁ7Z5-½9'u5W5-½+., / / «+²Z, Â
79'u5-, ¬S7Æ¬S*-*-.pÆ]5-.p8, ²')³S.p>d')*-.'g(b.565-.0*, 7
±
«i5C­Ç¬S*d5-½+.>6.pÆ¬S798><5?')³S.q¬)­Q5-½+.Æ/1'S>->6, ÉbÆ0'uÂ
5-, ¬S7>-Æ?½+.0²Z.SÄ
Ò
­¾5-.0*C, / / «+²Z, 79'u5-,1¬S7Æ¬S*-*-.pÆ]5-, ¬S7Q´)5-½+.Æ/1'S>->6, ÉbÆ0'u5-, ¬S7*-.p>6«+/ 5?>d, ²
±
*-¬
Ã
.p8, 7
Æ0'S>6.p>­Ç¬S*Á½+,1Æ?½Ø, 5ÁC'S>q7+¬)5
±
¬\>->6, (+/ .35-¬
±
*-¬+8i«9Æ.g5-½+.0²'u5-,1Æ3²'
±
>Á, 5-½#'*-.
±
.p'u5-.p8
±
'u565-.0*-7
±
*-.
Ã
, ¬S«9>6/ ¸SÄb:d¸
Ã
,1>6«9')/'S>->6.p>->6²Z.07S5¬)­5?½i.g*-.p>6«+/ 5?>0´9, 5q,1>.079Æ¬S«+*?')³S, 7+³35-¬.·FÂ
5-.07985-½+.>-Æ?½+.0²Z.q5-¬¬)5-½+.0*'
±+±
/ ,1Æ0'u5-, ¬S7')*-.p'S>0Ä

¨¢¥  ﬂ ¦#ﬂ ¢W£
Ë ¬Ø5-½+.4ÝFÈ<ËC=	*-¬);I.pÆ]5Z­Ç«+798i.p8 (F¸ '×³S*?')7\53­Ç*-¬S² 5-½+.Àq')7+,1>6½ÚË .pÆ?½+7+,1Æ0')/ .p>6.0')*?Æ?½
Å+¬S«+798+'u5-, ¬S7Ï
*-¬);I.pÆ]5 &«+²(.0*°)¶uÂLÂ+®pÐ)ÊSÑ9­Ç¬S* >6«
±+±
¬S*65-, 7+³5-½+.
±
*-.p>6.07\5QÁd¬S*-»Ä
Ë ¬5-½+.8i.0*-²'u5-¬S/ ¬S³S,1>I5?>
5
¬S7+.ÝF»)¬
Ã
')798:d¬3:C')7+³g¬)­Q5-½+.&q.07S5-¬)­¾5-.¿¬\>
±
, 5?')/b¬)­À.07iÂ
²')*-»4')7985-¬5?½i.')7+¬S7F¸F²Z¬S«9>
±
'u5-, .07\5?>0´­Ç¬S*q5-½+.0, *Æ¬S/ /1')(¬S*?'L5-, ¬S7×8i«+*-, 7+³5-½+.Z, ²')³S.
'SÆ
Ó
«+,1>6, 5-, ¬S7>6.p>->6, ¬S79>0Ä

ﬂ ¢¦©

¡6§ ©<¢£+©<¥W¢]§¢q¨b£+©<¥W¢	
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G 

Session:1 PATIENT:1 LESION:A
Session:2
Session:3
Session:4
  
 +
PR^ ^ \JT KFEH<T MpK3O1\K\U-H<T MpK\VM0OH<[\BCM0G<T _pT KFE0^T JE0_pB?VM0O
9	
EH<T B?KuHp`Fs9B?VIT MpK

:6r
Session:1 PATIENT:1 LESION:B
Session:2
Session:3
Session:4
  
+
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0O$H<[\BCM0G<T _pT KFE0^bT JE0_pB?VM0O
9	
EH<T B?KuHp`Fs9B?VIT MpK:6r
]o YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:1 LESION:C
Session:2
Session:3
  
 i
P^ ^ \JT KFEH<T MLKgO1\K\U-H<T MpK\VM0OH<[\BCM0G<T _pT KFE0^T JE0_pB?VM0O
9	
EH<T B?KuHp`Fs9B?VIT MpK :6r
Session:1 PATIENT:2 LESION:A
Session:2
Session:3
Session:4
  
+
PR^ ^ \JT KFEH<T MpK3O1\K\U-H<T MpK\VM0OH<[\BCM0G<T _pT KFE0^T JE0_pB?VM0O
9	
EH<T B?KuHClu`Fs9B?VIT MpK

:6r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G 
Session:1 PATIENT:2 LESION:B
Session:2
Session:3
Session:4
  
 +
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0O$H<[\BCM0G<T _pT KFE0^bT JE0_pB?VM0O
9	
EH<T B?KuHClu`Fs9B?VIT MpK:6r
Session:1 PATIENT:2 LESION:C
Session:2
Session:3
Session:4
  
 9
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0OH<[\BCM0G<T _LT K\Ep^bT JE0_pB?VM0O
9	
EH<T B?KuHClu`Fs9B?VIT MpK :6r
l YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:3 LESION:A
Session:2
Session:3
Session:4
  
 F
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0OH<[\BCM0G<T _pT KFE0^T JE0_pB?VM0O
9	
EH<T B?KuH )`Fs9B?VIT MpK

:6r
Session:1 PATIENT:3 LESION:B
Session:2
Session:3
Session:4
  
 +
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0O$H<[\BCM0G<T _pT KFE0^bT JgE0_pB?VM0O
9	
EH<T B?KuH )`Fs9B?VIT MpK:6r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G  
Session:1 PATIENT:3 LESION:C
Session:2
Session:3
Session:4
  
  +
PR^ ^ \JT KFEH<T MpKgO1\K\U-H<T MpK\VM0OH<[\BCM0G<T _LT K\Ep^bT JE0_pB?VM0O
9	
EH<T B?KuH )`Fs9B?VIT MpK :6r
   YZE0^ B-HIH<TbB-HdE0^¾r
 
¡6§ ©<¢£+©<¥W¢ ¨¥¤+¤ﬃﬂ ¨b£ ﬂ ¦ ©# ﬂ
Session:1 PATIENT:1 LESION:A
Session:2
Session:3
Session:4
  
 b
PJgE0_pB?VNM0O
9	
EH<T B?KuHp`Fs9B?VIT MpK

:EO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:1 LESION:B
Session:2
Session:3
Session:4
  
  +
PRJE0_pB?VM0O
9	
EH<T B?KuHp`Fs9B?VIT MpK:NEO H<B-GdT ^ ^ \JT KFEH<T MpKZU-MpGIG<B-U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G  
Session:1 PATIENT:1 LESION:C
Session:2
Session:3
  
  +
PRJE0_pB?VNM0O
9	
EH<T B?KuHp`is9B-VIT MLK :NEO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:2 LESION:A
Session:2
Session:3
Session:4
  
  i
PJgE0_pB?VNM0O
9	
EH<T B?KuHClu`Fs9B?VIT MpK

:EO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
 
YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:2 LESION:B
Session:2
Session:3
Session:4
  
 +
PRJE0_pB?VM0O
9	
EH<T B?KuHClu`Fs9B?VIT MpK:NEO H<B-GdT ^ ^ \JT KFEH<T MpKZU-MpGIG<B-U-H<T MpK9r
Session:1 PATIENT:2 LESION:C
Session:2
Session:3
Session:4
  
   +
PRJE0_pB?VNM0O
9	
EH<T B?KuHClu`is9B-VIT MLK :NEO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G (
Session:1 PATIENT:3 LESION:A
Session:2
Session:3
Session:4
  
 9
PJgE0_pB?VNM0O
9	
EH<T B?KuH )`Fs9B?VIT MpK

:EO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:3 LESION:B
Session:2
Session:3
Session:4
  
ﬃF
PRJE0_pB?VM0O
9	
EH<T B?KuH )`Fs9B?VIT MpK:NEO H<B-GdT ^ ^ \JT KFEH<T MpKZU-MpGIG<B-U-H<T MpK9r
]n YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:3 LESION:C
Session:2
Session:3
Session:4
  
% +
PRJE0_pB?VNM0O
9	
EH<T B?KuH )`is9B-VIT MLK :NEO H<B-GWT ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G 


F  +
eLB-G6E0_pBU?M0GIG<B?^ EH<T MpK×epE0^ \B?VM0OH<[\BK\M0G<JE0^ T <?B]X[\T VmH<Mp_0G6E0J M0OH<[\B   k btFE0KFX
VIh)T KX\EH6EgM0ONB]E0U6[VIT K\_p^ BU?M0GIG<B?U-H<B]XT JEp_pBqT H<[H<[\BqK\M0G<JE0^ T <?B]X[\T VmH<Mp_0G6E0J"M0OH<[\B   k 
tFE0KFXgVIh)T KZX\EH6EqM0O$H<[\BCU?M0GIG<B?U-H<B]X3T JE0_pB?VNH<[FEHt+B?^ MpK\_qH<MqH<[\BCV<E0JBCVIB?VIVIT MpKZH<[FE0KgH<[FEH]r
E0DSH<SG<B
(1, A) (1, B) (1, C) (2, A) (2, B) (2, C) (3, A) (3, B) (3, C)
E  o)r
 
   o)r  (pl o)r 3

 o)r 0opo
 
o)r  Lo; o)r   
   o)r  0n 
 o)r
 
 
 o)r  
Ll0n
ELl o)r
 
]o; o)r
 
 0o   o)r 3     o)r
 

pnLl o)r      o)r l
; o)r    

 
o)r    ulpl o)r  ;pn
 
E o)r
 

     o)r  ulpl o)r 0o

 
o)r
 
npn; o)r   
 
l o)r      o)r  
 
 Lo o)r
 
 0n o)r
 
opo
 
E   o)r   l o)r
   
   o)r
 
o  
 o)r  3pn
 
o)r po
 

 o)r Llplpl o)r
 
( o)r  
 

pn o)r    3pn
E   o)r
 
nLl0n o)r
 
l0o   o)r  Ln
 
 o)r    Ln o)r   ]n   o)r 
;0n o)r  Ln ]o o)r  pl
 
 o)r Ll0opn
t! o)r  
 
nLl o)r 
pn
 
o)r     Ln o)r 

 
  o)r
   
l0n o)r  
 
l o)r   LoLl o)r  ul0nLl o)r  ;
 

til o)r  
 
n; o)r    

 
o)r
 

 

 o)r n ]o
 o)r
 
 
 o)r  
 
lpl o)r 3
 
 o)r 
 
npo o)r  

 

t o)r
 
 
; o)r  
 
l   o)r   ;
 
o)r     ; o)r  
 
; o)r
 
o
 
 o)r  
po
 
o)r      
 
o)r  0o
;
t   o)r  3  o)r      o)r   ul
 
o)r
 
npn
 
o)r    !   o)r    Ln
 
o)r  
popo o)r        o)r  ;
 


t   o)r
 
 Lo   o)r ;pl o)r  
   

 o)r n   o)r  
 
l o)r l

 o)r   
 
  o)r  Lo
 
  o)r    
  
U o)r ;3  o)r l( o)r nLl
 
o)r   0n o)r  
 
n
 
o)r     Ln o)r   pl0n o)r  
 
o o)r  
;0n
Ul o)r
 

 o)r   
 
  o)r
 

pn; o)r  !0n
 
o)r 
;   o)r
 
lpl
 o)r  ul0nLl o)r      o)r  
  Ln
U  o)r  
  pl o)r l0npnpo o)r  0n    o)r    ulpl o)r    
  o)r  Ln  ! o)r  !pl
 
o)r    o)r  0n
;
U   o)r
 
     o)r  
 
 o)r nLl0n; o)r  3
Ll o)r    ul  o)r
 
]n
 
o)r l
 

 
o)r   
 
 o)r
 
oLl  
U  o)r
 

 
n o)r  
 
  o)r nLl0npn o)r 
popo o)r  
  o)r  0nLl
 
o)r  
 
n   o)r pnpo; o)r ;  ul
Xﬃ o)r
 
 ;pn o)r pn  Lo o)r   

 o)r 
 l o)r    0n
 o)r pnpo; o)r  ;  o)r  ; ]n
XFl o)r
   
n   o)r po     o)r 
 
 o)r  Lopnpo o)r  !0npn o)r  !0oLl o)r po
Ll o)r     ]n
X  o)r
 
 ul
 o)r l 
po o)r  
 l o)r   3 o)r  LopoLl o)r  
 
o
 o)r l  Ln   o)r  Lopn
X   o)r
   
po o)r ;
 o)r  3
   o)r  Lo
   
o)r  
 
 o)r  Lo;pl o)r po    o)r  3
 
X   o)r ;
 
 o)r    0oLl o)r  
pnpn o)r  ul   o)r    ]o o)r ;0o
 
o)r  ul0n
 o)r  ;   
l0o YZE0^ B-HIH<TbB-HdE0^¾r
ﬀ ¡# ﬂ ¨   
F© ¨ £+©<¥W¢  -£ ﬂQ¤Ú©6§ ©<¢£+©<¥W¢ ¨¥¤+¤ﬃﬂ ¨b£+©<¥W¢
Session:1 PATIENT:1 LESION:A
Session:2
Session:3
Session:4
  
 +
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UWJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KLHp`\s9B?VIT MpK

:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G l
Session:1 PATIENT:1 LESION:B
Session:2
Session:3
Session:4
  
 b
eLB-G<^ E?fM0ObH<[\BdH<[\B?JEH<T UdJE0D\V T H<[gH<[\BdT JEp_pB?VO1M0G
9	
EH<T B?KuHp`\s9B?VIT MpK :EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:1 LESION:C
Session:2
Session:3
  
  +
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UdJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KuHp`\s9B?VIT MpK:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
lpl YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:2 LESION:A
Session:2
Session:3
Session:4
  
 +
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UWJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KLHdlu`\s9B?VIT MpK

:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:2 LESION:B
Session:2
Session:3
Session:4
  
  i
eLB-G<^ E?fM0ObH<[\BdH<[\B?JEH<T UdJE0D\V T H<[gH<[\BdT JEp_pB?VO1M0G
9	
EH<T B?KuHdlu`\s9B?VIT MpK :EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G l3
Session:1 PATIENT:2 LESION:C
Session:2
Session:3
Session:4
  
 +
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UdJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KuHdlu`\s9B?VIT MpK:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:3 LESION:A
Session:2
Session:3
Session:4
  
  +
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UWJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KLH)`\s9B?VIT MpK

:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
l   YZE0^ B-HIH<TbB-HdE0^¾r
Session:1 PATIENT:3 LESION:B
Session:2
Session:3
Session:4
  
 9
eLB-G<^ E?fM0ObH<[\BdH<[\B?JEH<T UdJE0D\V T H<[gH<[\BdT JEp_pB?VO1M0G
9	
EH<T B?KuH)`\s9B?VIT MpK :EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
Session:1 PATIENT:3 LESION:C
Session:2
Session:3
Session:4
  
ﬃF
eLB-G<^ E?fM0ObH<[\BWH<[\B?JEH<T UdJE0D\VT H<[gH<[\BdT JE0_pB?VO1M0G
9	
EH<T B?KuH)`\s9B?VIT MpK:EO H<B-G
T ^ ^ \JT KFEH<T MpKZU?M0GIG<B?U-H<T MpK9r
P6r Yr Yria9B?U6[\K\T U]E0^bWB?DiM0GIH d\JqtiB-G l 
 ﬂ  ﬂQ¤ﬃﬂ ¢¨ ﬂ
pr 
dT XSB?MpJB-H<B-G]rQ[uHIH<D  ]NNr e)T XSB?MpJB-H<B-G]r XShir
lurCjr  MpKSG6EpXSVIB?K9r	

ﬁﬀﬃﬂ 
 "!$# %'&(!QPIY
 
 Aa*)r `Fs+fSK\_ptLfu`ﬃ
pn  Sr
)r,+Sr\s9T G6E)r-
./
/01ﬂ32.ﬂﬃﬂ45ﬃ67ﬃ589 : ﬃﬂ6;
4=<:67ﬁ67>!bPRK\VmH<T H<SH<M

Mp^ T H
? U?K\T U?M2 CEk
U?T MpKFE0^¾`icdK\T eLB-G<VIT X\EpX CE0U?T MpKFE0^

SH
@pK\MpJEqXSBYA?-ST U?MS` \MpKFX)MXSB  \^ H<SG6E

U?MpK@pJT U]E)r `
YA?-ST U?MAqr r `!B]XST H<T MpK9`

B?DSH<B?JqtiB-GWl0opoLlur
 Sr r+YZE0^ B-HIH<TEpK\X Wr

G<VIt%Bp^ ^¾r

[\T B6G6E0G<U<[\T U]E0^U?^ E0VIVIT FU]EH<T MLKVIU6[\B?JBM0OQD\VIM0G<T E0VIT VdT JE0_pB?V?r
abB?U6[\K\T U]E0^iWB?DiM0GIH
 
`uACB?DFEGIH<JB?KuH M0O9PRKSO1M0G<JEH<T U?VE0KFXYZEH<[\B?JEH<T U]E0^9Y3M)XSB?^ ^ T K\_SrSabB?U6[Sk
K\T U]E0^bcdK\T eLB-G<VIT HfgM0OQACB?K\JEG<hir `)j_pV?ris+fSK\_ptLfurSACB?K\JEG<hir `\YZEG<U6[l0opo)r
 ur rNYZE0^ B-HIH<T¾` Wr

G<VIt%Bp^ ^¾`E0KFX×jr  MpKSG6EpXSVIB?K9r

U?MpKuH<B-)H<FE0^WU?^ E0VIVIT FB-GgH<[FEHMpK\^ f4G<B-k
u\T G<B?VMpK\BqDSG<M0H<M0HRfSDiBqD\T SB?^O1M0GB]E0U<[U?^ E0VIV?rC.--D2.ﬂ0ﬂ"/0EGFH/> 6.ﬂ'ﬀ%/0ﬃ67%/76 `
 

9
;:7  0opoI/0o
 
`ﬁ+p\K\Bl0opoLlur
 
rCcrSYZEHIH<VIVIMpK9`

+JpK\VIVIMpK9`\Yr(+pMpKuH<B?^ ^¾`SE0KFXE+Sr E0VIVISH<MSrACT _pT H6E0^iT JE0_pBCE0KFE0^ fSVIT V
9
XST E;:QM0O
U?Mp^ M0GQU6[FE0K\_pB?V$T K[)SJgE0KVIh)T KB-SDiMpVIB]XH<MWVmH6E0KFX\EG6XST <?B]XH<[\B-G<JE0^uT KKRSGIfE0KFXU?MpJDFEG<T VIMpK
T H<[q^ E0VIB-GXSMpD\D\^ B-GQJB]E0VISG<B?JB?KuH<V?rML-4HNOPQ67*RG67 S(;ﬂ%9T.
:.ﬂ45* '#4E6./0 ﬁ6 `
 0oP   0I  ulu` 


 
r
urHUqr3VE0K\_E0KFX×adr

X\E0^ T¾rWﬀ :%ﬂ*T./767

 P:AX0CRﬂ:ﬁ67/	YZ670%ﬂ%/76	
4=ﬂ: P:[ﬂ%
ﬀN6./> 
0/
7N%\!]ﬀ/
ﬂ
/^R60%#;ﬂ>6.=
4=ﬂ:6H_Z%ﬂ \
 <`\U6[FE0DSH<B-G  S`FDFE0_pB?V0I!  SrNl0opopo)r
9
abMpD\T U?VWT K T MpJB]XST U]E0^bPRJE0_pT K\_  MpSG<VIB  dM0H<B?V?r :6r
